Acute inflammation and its resolution are essential processes for tissue protection and homeostasis. In this context, specialized pro-resolving mediators derived from polyunsaturated fatty acids are of interest. Here, we report that resolvin E2 (RvE2) from eicosapentaenoic acid is endogenously produced during self-limited murine peritonitis in both the initiation and resolution phases. RvE2 (1-10 nM) carries potent leukocyte-directed actions that include 1) regulating chemotaxis of human neutrophils, and 2) enhancing phagocytosis and anti-inflammatory cytokine production. These actions appear to be mediated by leukocyte G-protein coupled receptors as preparation of labeled RvE2 gave direct evidence for specific binding of radiolabeled RvE2 to neutrophils (K d 24.7 ± 10.1 nM) and RvE1 activation of recombinant GPCRs was assessed. In addition to the murine inflammatory milieu, RvE2 was also identified in plasma from healthy human subjects. RvE2 rapidly downregulated surface expression of human leukocyte integrins in whole blood and dampened responses to platelet-activating factor. Together, these results indicate that RvE2 can stimulate host-protective actions throughout initiation and resolution in the innate inflammatory responses.
Introduction
Acute inflammation is a host defensive mechanism critical in injury, trauma and infection (1) . Since these insults are continuous throughout life, both proper initiation and timely termination of inflammatory responses are crucial to maintain systemic homeostasis (2) . Excessive and uncontrolled inflammation is now recognized as an underlying component in several prevalent chronic diseases such as cardiovascular, cerebrovascular, metabolic diseases and cancers (3) (4) (5) (6) .
Once thought to be a passive dissipation of inflammatory cellular and molecular factors, resolution is now recognized as the active biological response of the system to regain homeostasis (7) (8) (9) . Novel cellular and molecular factors were identified to enhance resolution, which appear to be programmed responses at the tissue level in this process (8, 9) (recently reviewed in 10, 11) . Notably, omega-3 polyunsaturated fatty acid-derived mediators, such as the E-series and D-series resolvins and protectins, are recognized for their resolution-enhancing actions. Hence, these families are collectively are coined as specialized pro-resolving mediators (SPMs 5 ), along with the arachidonic acid-derived lipoxins (10) .
This novel genus shares both anti-inflammatory and pro-resolving actions, yet each mediator family has a distinct chemical structure for each member, and in many cases each acts on separate tissues and cell types via cell-surface receptors specific for each SPM (12) (13) (14) (15) . Resolvins display potent actions that are pro-resolving in several animal models of diseases (for a recent review, see (10) ). Among them, RvE1, founding member of the E series resolvins, regulates granulocyte trafficking (7) and stimulates non-phlogistic phagocytosis of macrophages (16) . RvE1 also promotes microbial clearance (17) and stimulates tissue regeneration while reducing inflammatory response (13) .
Resolvin E2 is a more recent addition to the E series resolvin family (18) , and its complete structure is established and recently was confirmed by Ogawa et al. using total organic synthesis (19) . Here, we report on the production and leukocyte-directed actions of RvE2 as one of the local mediators of tissue homeostasis during inflammation-resolution.
Materials and Methods

Materials
RvE1, 18-HEPE, PAF C-16 and human recombinant 5-LOX were purchased from Cayman Chemical (Ann Arbor, MI). NaB[ 3 H] 4 was purchased from American Radiolabeled Chemicals (St. Louis, MO). NAD and other miscellaneous chemicals were obtained from Sigma (St. Louis, MO). R-phycoerythrin-conjugated mouse anti-human CD18 (clone 6.7, BD Biosciences), RPE-Cy5-conjugated mouse anti-human CD14 (Gene Tex, San Antonio, TX), and PE-Cy5-conjugated mouse anti-human CD3 (BD Biosciences) were purchased; appropriately labeled, class-matchedmouse IgGs were used as negative controls for CD18 (BD Biosciences) staining. RBC Lysis buffer was purchased from eBioscience (San Diego, CA) and carboxy-H 2 DCF-DA from Invitrogen-Molecular Probes (Carlsbad, CA). Recombinant human P-selectin and recombinant human CXCL8/IL-8 chemoattractant were purchased from R&D Systems (Minneapolis, MN), human serum albumin and HBSS from Sigma-Aldrich (St. Louis, MO), Tygon tubing (Part # TGY-010-C) and needles (Part # NE-301PL-C) from Small Parts Inc.
Self-limited inflammation-resolution: Murine peritonitis
All animal protocols were in accordance with the Harvard Medical Area Standing Committee on Animals (Protocol # 02570). Peritonitis was initiated with intraperitoneal injection of zymosan A (1 mg/1 mL saline) to 6-8-week-old male FVB mice. At each scheduled time point (2, 4, 8, 12, 24 ,72 hours after injection), mice were euthanized with an overdose of isofluorane, and peritoneum was lavaged with 5 mL PBS−/− and kept at −80°C for lipidomic analysis. Small aliquots of lavage fluids were saved for differential counting and FACS analysis.
LC-UV-MS-MS-based lipid mediator (LM)-lipidomics
Qtrap 3200 (Applied Biosystems) equipped with Agilent HP1100 (Agilent) and diode array detector (DAD) or Shimadzu LC-20AD pumps and SIL-20AC autosampler were used for LC-UV-MS-MS spectrometry. All samples were analyzed by Agilent C18 (4.6 × 50 × 1.8 μm, flow rate 400 μL/min) with a gradient of 55:45:0.01 or 60:40:0.01 to 100:0:0.01 (methanol:water:acetic acid, v/v/v) as in Yang et al. (20) . Multiple reaction monitoring (MRM) method was established to detect each mediator-specific ion fragment. RvE2 in plasma from healthy human donors was identified and quantified with m/z pairs of 333->199 and 333->115.
Synthesis of RvE2
RvE2 was prepared as in (18) , and both 18S-and 18R-isomers were separated by chiral HPLC (17) (see HPLC isolation section in ref. (17) for further detail). Absolute stereochemistry of RvE2 was confirmed by matching with synthetic RvE2 prepared by total organic synthesis (a gift from Dr. Makoto Arita, University of Tokyo) (19) . An Agilent HP 1100 system (Agilent) equipped with DAD was used for all HPLC-based separation of lipid mediators. For reverse-phase lipid separation, an Agilent C18 (150 × 4.6 × 5 μm, flow rate 1mL/min) or Phenomenex Luna C18 (2) 
Radiolabeled RvE2 preparation
All procedures using radiochemicals were reviewed by the Brigham and Women's Hospital radiochemistry department (Dr. Castronovo). 18-HEPE (50 μM, pH 8 Tris buffer with 1mM NAD) was incubated with 1 μg 15-PGDH/eicosanoid oxidoreductase at 37°C for two hours. The incubation mixtures were directly taken to HPLC and 18-oxoEPE was isolated. Reductive tritiation was carried out by mixing 18-oxoEPE (50 μM in ethanol) with an excess amount of NaB[ 3 H] 4 in 1 N NaOH (apparent final pH ~10). The labeling was carried out using an apparatus equipped with a chemical trap to collect potential tritiated water. After quenching the reaction mixtures with 5 M potassium acetate (pH 4.5), the mixtures were extracted with ether, dried, and taken to chiral HPLC to separate 18S-and 18R-[ 3 H]-HEPE.
Regulation of leukocyte surface CD18 activation
Whole blood aliquots were incubated with either increasing concentrations of RvE2 for 30 minutes or PAF for 15 minutes. In these, 30 nM RvE2 or 30 nM RvE1 was added to whole blood aliquots for 15 minutes followed by addition of 50 nM PAF for 15 more minutes. Experiments were performed in a 37°C water bath with gentle mixing every 5 minutes. Similarly, 30 nM RvE2 or 30 nM RvE1 or appropriate vehicle control and 50 nM PAF (15 min, 37°C) were added together to freshly collected human whole blood aliquots, following the same experimental conditions as for the incubation described above. Incubations were placed on ice followed by red blood cell lysis, and cells were fixed with 3% formalin (30 min, 4°C). Next, direct immunofluorescence labeling was performed using anti-human CD62L, CD18, CD3 + , or a combination of anti-human CD3 + with the corresponding isotype controls for CD62L and CD18 in a 1:100 ratio in FACS buffer (30 min, 4°C). Stained cells were resuspendedin FACS buffer and analyzed using FACSort and Cellquest software (Becton Dickinson) or BD FACS Canto (BD Biosciences) and FlowJo (Tree Star). Monocytes, neutrophils and lymphocytes were gated using forward/side scatters and respective surface/intracellular stainings (21) .
Human neutrophil isolation
Human whole (venous) blood (60 ml) was collected with heparin from healthy volunteers (who did not take medication for at least 2 weeks before donation) according to Partners Human Research Committee Protocol #1999-P-001297; donor identities were not linked to the analyses or stored. Fresh human neutrophils (PMNs) were isolated from the whole blood by Ficoll gradient and were enumerated (22) .
Single-cell monitoring with microfluidic chambers
A microfluidic chamber was engineered for testing the actions and screening of the impact of putative novel lipid mediators on the chemotactic function(s) of neutrophils (23, 24) . Briefly, two steady-state gradients of IL-8 (0-10 nM) were formed in the two gradient generators, one in buffer and one with an overlaying uniform concentration (10 nM) (23) of the putative lipid mediator for testing, and were ready to be delivered to the chemotaxis chambers. Next, 10 μl of capillary human blood was collected from healthy volunteers by finger prick (BD Biosciences). The blood was allowed to flow through the main channel for 3 min, and then the valve was opened for the IL-8 gradient generation from one channel, leaving the second one closed. The IL-8 flow removed the majority of RBC and other cells that were not tethered to the chamber-coated P-selectin, thus allowing direct monitoring of the neutrophils captured on the surface of the chamber. After 15-20 min, the gradient was switched to the second gradient generator containing a uniform concentration of the compound, coming from one syringe with RvE2 or RvE1 alone and the other containing an equal concentration of RvE2 or RvE1 combined with 10 nM IL-8. Neutrophil migration in the chemokine gradient and their individual response(s) to addition of different concentrations of RvE2 or RvE1 (in separate experiments) were recorded with a video and/ or digital camera mounted on the microscope (10x objective). Cell migration was analyzed using the cell tracking function in ImageJ software (Molecular Devices). A dozen cells per exposure to mediators were tracked and analyzed for displacement in the direction of the gradient and along the flow.
Actin polymerization
Freshly isolated human PMN were mixed with 15 nM LTB 4 , 15 nM RvE2, or a mixture of 15 nM LTB 4 and RvE2. After designated time intervals (i.e., 15 or 30 s), incubations were fixed in ice-cold 3% formalin solution. Fixed cells were washed and resuspended in cellpermeabilizing buffer and stained with 1:100 FITC-labeled phalloidin for FACS analysis (25) .
Human macrophages
Human PBMC-derived macrophages were prepared with human recombinant GM-CSF as in (17) . Briefly, at Day 7, macrophages were washed and treated with different concentrations of RvE2 (15 min, 37°C) and then incubated with FITC-labeled zymosan A (30 min, 37°C). Non-cell-associated zymosan particles were washed and quenched with addition of trypan blue. Intracellular FITC intensity of each well was monitored by Victor 3 plate reader. Macrophages (Day 7) were washed and media was replaced with serum-free RPMI 1640 and kept overnight at 37°C. Cells were incubated with vehicle or different concentrations of RvE2 for one hour, followed by LPS (100 ng/mL) treatment. At 24 hours, supernatants were collected and held at −80 degrees before determining IL-10 level.
ChemR23 and BLT1 β-arrestin systems for comparing RvE1/RvE2
Direct comparison between RvE1 and RvE2 for ChemR23 activation and BLT1 receptor antagonism were carried out using a G-protein coupled receptor (GPCR) β-arrestin system as in (17) . Briefly, with the ChemR23 overexpressing system, cells were plated 24 h prior to experiments and incubated with resolvins in serum-free medium (1 h, 37 °C). With the BLT1 overexpressing system, plated cells were incubated with different concentrations of resolvins E1 and E2, each separately, for one hour, followed by 30 nM LTB 4 for 90 minutes. Cells were further incubated with β-Gal substrate (PathHunther EFC Detection kit™, DiscoveRx) for 90 minutes, and ligand-dependent receptor activation was assessed by luminescence using a plate reader (EnVision, Perkin Elmer).
Statistics
All murine experimental results in the figures and text are expressed as mean ± SEM of n≥3 mice per group. All human macrophage results are n≥3 for each concentration and are representative of 4 similar results from different healthy donors. Statistical significance was determined by two-tailed Student's t-test; p < 0.05 was considered significant.
Results
RvE2 appearance in vivo during self-limited acute inflammation
Comprehensive liquid chromatography-tandem mass spectrometry-based lipidomic profiles of E-series resolvins and their precursors in murine peritoneal exudates were obtained during zymosan-induced peritonitis (Fig 1A) . Identification and profiles of 18-HEPE and RvE2 during the time course gave distinct patterns (Fig 1B) . 18-HEPE levels were sharply increased and evident at the earliest time points following sterile challenge and parallel the initial PMN infiltration. RvE2 was also identified in a similar pattern after challenge, followed by a gradual decline at ~24 hours. In these experiments we used the FVB/N mouse strain, which is an inbred strain that is widely used in the laboratory, especially for transgenic manipulation (26) . Although this strain is complement C5a deficient, FVB mice are still capable of mounting a robust leukocytic infiltration to the site of inflammation or infection (27) and show similar results in chronic infection to C5a-sufficient strain C57BL/ 6J (28) . Upon challenge with zymosan or bacterial inoculation, FVB mice show reproducible neutrophil infiltration to sites of inflammation and have been used to quantitatively investigate the local responses to sterile inflammation and infection (17, 29) . Hence, in the resolution phase (i.e., when PMN numbers are lost from the peritoneal exudate) of this murine (FVB/N) peritonitis time course (72 hours), both 18-HEPE and RvE2 accumulated in the peritoneal exudate lavages.
E series resolvins stop PMN chemotaxis
To translate and address RvE2 actions on specific human leukocytes, we next investigated human PMN. A microfluidic chamber which monitors chemotaxis at the single cell level (23, 24) was prepared and utilized to directly compare RvE2 and RvE1. PMN were isolated from a single drop of venous blood from healthy human subjects by selective adhesion to a P-selectin-coated surface. Captured PMNs migrated along the IL-8 gradient (0-10 nM) and displayed characteristic change in shape and morphology during chemotaxis (Figure 2A , left column and Supplemental Video 1). When 10 nM RvE2 was uniformly infused within the microfluidic chamber in the presence of IL-8 gradient, PMN ceased directed chemotactic movements and displayed an almost immediately visible change in shape, i.e. rounded morphology (Figure 2A, middle column) . For direct comparison, RvE1 at equimolar concentration (10 nM) caused similar changes in PMN chemotaxis and morphology ( Fig.  2A, right column) . By tracing the displacement of each single PMN ( Figure 2B ) within the direction of an IL-8 chemotactic gradient with or without RvE2 or RvE1, the chemotactic velocities before and after addition of E-series resolvins were obtained and decrease of chemotaxis was calculated. RvE2, as well as RvE1, decreased chemotactic velocity in a statistically significant manner compared to the vehicle. At 10 nM, RvE2 gave 94.9% decrease and RvE1 gave 76.1% (p<0.0005 for each case; average chemotactic velocity during 0-15 min and 15-30 min are compared). These results visually demonstrate that RvE2 and RvE1 each display direct actions on PMN migration.
The shape change of PMN by RvE2 was further addressed by examining RvE2 action on the PMN cytoskeleton ( Figure 2C ). When activated, human PMN rapidly carry out actin polymerization within 15 seconds after exposure, shown by phalloidin-positive actin staining (25) . RvE2 (30 nM) itself did not appear to directly affect polymerization. In contrast, when exposed at the same time, LTB 4 (30 nM)-stimulated actin polymerization was reduced by 45±7% with equimolar concentration of RvE2 (p<0.05, Fig 2D) .
RvE2 regulates non-phlogistic macrophage response: Enhanced phagocytosis and antiinflammatory cytokine production
In order to investigate the actions of RvE2 in non-phlogistic leukocyte responses, we used PBMC-derived human macrophages and assessed both enhancement of phagocytic activity and anti-inflammatory cytokine production. Uptake of FITC-labeled opsonized particles by human macrophages was enhanced with increasing concentration of RvE2, showing maximum enhancement at 1 nM and 10 nM concentrations ( Figure 3A) . Moreover, when incubated with RvE2 and then exposed to lipopolysaccharide, RvE2 dose-dependently increased IL-10 production by macrophages ( Figure 3B ).
RvE2 directly interacts with human leukocyte GPCRs
To determine whether RvE2 transmits signal via direct interactions with leukocyte membrane, radiolabeled ligand was prepared for specific binding experiments with isolated human PMN. Tritium-labeled RvE2 with sufficient specific radioactivity (15~20 Ci/mmol) was prepared by combined chemical and biogenic organic synthesis (Fig. 4A) . The saturation (specific binding) curve was obtained, and Scatchard plot analysis gave a K d of 24.7 ± 10.1 nM and B max of 4.9×10 3 ± 9.5×10 2 sites/cell from homoligand binding experiments with isolated human neutrophils (Fig. 4B) . These values were in the range comparable to those obtained for RvE1 with human neutrophils (30, 31) .
To test whether RvE2 interacts with the membrane GPCRs on human leukocytes as RvE1 (31), specific ligand-mediated cell activation was evaluated with a human recombinant BLT1-overexpressing beta-arrestin reporter cell system [see Materials and Methods]. In this system, RvE2 blocked LTB 4 -mediated tagged beta-arrestin signaling, which was comparable to that of RvE1 ( Figure 4C ). We next used the beta-arrestin system with overexpressed human recombinant ChemR23 receptor that binds RvE1 (31) to assess whether RvE2 directly activates this receptor compared to RvE1. RvE2 was less efficacious and less potent than RvE1 with this receptor (Figure 4D ), suggesting that RvE2 is not likely a full agonist of ChemR23.
RvE2 is identified in healthy human plasma and regulates leukocyte surface integrins in human whole blood
We carried out metabololipidomics of EPA-derived products from the plasma of healthy human subjects (Fig. 5A) . Multiple reaction monitoring (MRM) with tandem mass spectrometry identified the E resolvins and their precursor 18-HEPE. For RvE2, signature ion pairs (333->199 and 333->115) were monitored, and LC retention time and tandem mass spectra from these peaks matched those of synthetic resolvin E2 prepared by total organic synthesis. Plasma levels of EPA-derived lipid mediators from five healthy subjects without EPA supplementation were in the range of 3.95-10.5 ng of 18-HEPE/mL of plasma (average ± SEM: 6.13 ± 1.56 ng/mL) and 0.53-3.72 ng RvE2/mL plasma (average ± SEM: 1.37 ± 0.68 ng/mL). Of interest, the 18-HEPE level is comparable to that of healthy human plasma levels with supplementation of 1 g EPA (31) .
Next, we investigated leukocyte integrin regulation in human whole blood. We assessed whether RvE2 can dampen peripheral blood leukocytes. In a dose-dependent manner, RvE2 downregulated neutrophil and monocyte/macrophage CD18 in whole blood ( Figure 5B ). Leukocytes exposed to resolvin E2 for 15 minutes prior to platelet-activating factor (PAF, 50 nM), gave reduced CD18 surface expression ( Figure 5C ). RvE2 also reduced CD18 surface expression when added together simultaneously with PAF ~49% and 31% reduction ( Figure 5D ). Similar reductions in CD18 expression were obtained with isolated monocytes/ macrophages (data not shown).
Discussion
Acute inflammatory exudates are a complex milieu comprised of different cell types, as well as proteins and lipid-derived chemical mediators (1) , which are dynamic and ideally when self limited resolve to homeostasis (2) . Temporal regulation of leukocytes during acute inflammation and resolution is a crucial factor in determining the fate of acute inflammation (8) . These cells are not only the targets of lipid mediators but also carry the enzymatic machinery for SPM biosynthesis as well as their metabolic inactivation. Hence, it is crucial to map the relationship(s) for specific local mediators within the onset of inflammation and its resolution.
To pinpoint the presence of RvE2 within a self-limited acute inflammation-resolution response in vivo, we carried out lipid mediator (LM)-metabololipidomic profiling during the time course with resolving peritoneal exudates. The intraperitoneal recruitment of leukocytes (e.g. PMN, monocytes) and their loss from the site is a highly ordered progression (8) . This acute inflammation system is distinguished in two phases, initiation and resolution (1). RvE2 displayed biphasic production along with a sharp increase of its precursor 18-HEPE at ~2 h (Fig. 1) . The RvE2 time course was distinct from that of RvE1 in that RvE1 accumulates in the resolution phase (cf. 16). RvE2 was identified when neutrophils dominate the exudate (see Fig. 1 ). Since PMN carry 5-LOX, they can convert 18-HEPE to 5-hydro(pero)xy intermediates (18) for both RvE1 and RvE2 biosynthesis (Fig.  1C) . Considering increased permeability of the inflamed peritoneum and the polar nature of these molecules, it appears that RvE1 might be less retained in the peritoneum or more prone to rapid local metabolic inactivation and clearance than RvE2. In the resolution phase, RvE2 accumulated in vivo within the resolving exudate. At 72 h, PMN and monocytes/ macrophages are present within the peritoneum, both of which can contribute to E series resolvin production, since they are well appreciated to carry 5-LOX.
To investigate RvE2 bioactions with leukocytes present during the inflammation-resolution circuit, we carried out a series of experiments with human neutrophils, which are in the first line of defense and recruited to the site of inflammation within the initiation phase, and macrophages, a key component in the resolution phase and homeostasis by uptaking apoptotic cells and debris (1, 2) . We monitored chemotaxis of individual neutrophils using a microfluidic chamber (23) . In this system, RvE2 potently regulated morphological changes and PMN chemotaxis, giving a rapid stop in motility of the PMN ( Figure 2A) ; this is likely by RvE2 regulating actin polymerization ( Figure 2D ). RvE2 also potently enhanced nonphlogistic phagocytosis as well as increased IL-10 production by macrophages ( Figure 3A,  B) . Together, these findings indicate that RvE2 possesses both anti-inflammatory (limiting PMN recruitment) and pro-resolving actions (enhancing nonphlogistic clearance by macrophages), in accordance and characteristic of the specialized pro-resolving mediators (SPMs) (10) .
The bioactions of SPM on leukocytes are mediated via specific ligand-receptor interactions (2) . In this regard, G-protein-coupled receptors on leukocytes were identified specifically for lipoxin A 4 (5S,6R,15S-trihydroxy-6E,8E,10Z,12E-eicosatetraenoate) (32), RvE1 (31) and recently for RvD1 (15) . Radiolabeled RvE2 (Fig. 4A) , in the present study, was prepared and direct interactions of RvE2 with human neutrophils were assessed, which gave comparable K d and B max values (i.e. nM) (cf. (15, 30, 31) ) to other known SPM (Fig. 4B) . In this regard, RvE1 binds both BLT1 and ChemR23 (30) . Using a beta-arrestin tagged system, we found that RvE2, at least partially, shares receptors with RvE1 (Fig. 4C,D) and interacts with BLT1 at a potency similar to that of RvE1. These results are in accordance with earlier findings that RvE2 is essentially equipotent with RvE1 in limiting neutrophil infiltration (18) and in stimulating pro-inflammatory actions as reported in Figure 2 . With the RvE1 receptor ChemR23 (31), however, RvE2 was only a weak activator of this receptor in this system. These results may explain the finding that RvE1 shows more potent actions than RvE2 in certain in vivo systems that depend on the target cell type and tissue (cf. (17, 33) ). In addition to stopping neutrophil infiltration that could be mediated via regulation of BLT1, RvE2 also displays pro-resolving actions, namely enhancing phagocytosis and IL-10 production with differentiate human macrophages (Figure 3) , suggesting that these RvE2 actions may be transduced by additional receptors that have yet to be defined that amplify the RvE2 signal, given its potent actions in vivo.
We showed earlier that 18-HEPE and resolvin E1 are identified from human subjects with EPA and aspirin (31) . Along these lines, in the present report, we profiled plasma from healthy human subjects (without EPA supplementation). RvE2, as well as both the E-series resolvin precursors 18R-and 18S-HEPE (17) , were present in considerable amounts ( Figure  5A ). Notably, RvE2 possesses two conjugated diene-alcohols, and it is of interest that RvE2 biosynthesis, unlike RvE1, does not require allylic epoxide formation nor its stereospecific enzymatic hydrolysis. This relatively simplified biosynthetic route may partially explain the identification of resolvins such as RvE2 in non-human sources, such as marine organisms and fish rich in omega-3 fatty acids (34, 35) . Furthermore, SPM introduced via the gastrointestinal tract can be bioactive (36) , as it was recently also shown that docosahexaenoic acid in 2-docosahexaenoic acid-lysophosphatidylcholine, a substrate of 15-LOX (both plant and human), produces orally active, anti-inflammatory compounds related to the resolvins (37).
Of note, in addition to the recent confirmation of 18-HEPE (38) and RvE2 (19) by total organic synthesis, RvE1, RvD1 and 17-HDHA were each identified in the human serum metabolome (39) in levels consistent with those identified in the present report for RvE2. Also, fish such as the Atlantic salmon produce resolvins de novo that are lost with cooking (40) . These findings may be relevant when the impact of omega-3 fatty acid-enriched diets is considered in inflammation and in cardiovascular diseases (41) .
It is well recognized now that chemical messengers play a crucial role in acute inflammation and its active resolution (2) . SPMs such as RvE2, as shown in the present report, are distinct chemical mediators in both limiting inflammation and promoting resolution, namely the SPM defining biological mechanism of action (42, 43) . This proresolving action is now shared with a few other molecules including peptide mediators, such as Annexin I, which is anti-inflammatory as well as enhances macrophage phagocytosis (44) and shares the ALX/ FPR2 receptor with lipoxin A 4 (45) . Along these lines, several mediators are identified in inflammation and tissue injury, such as adenosine (46, 47) , hypoxia-inducible factors (HIFs) (46, 48, 49) and others (50) that display potent anti-inflammatory and tissue protective actions. Although they are anti-inflammatory and local-acting autacoids, these molecules do not at present appear to stimulate resolution (43) . Recently, intracellular signaling mechanisms of SPMs were found to involve microRNA. In this regard, resolvin D1 regulates inflammation-proresolving pathways by upregulating specific miRNA in a receptor-dependent fashion; for example, miR146b targeting NF-kB (51) . Expanding such investigations to the diverse chemical mediators in inflammation and active resolution remains of interest and will likely uncover new proresolving pathways and mediators.
In the present report we also assessed the actions of RvE2 on human leukocytes in whole blood tissue where RvE2 dose-dependently downregulated leukocyte integrin activation in the nanomolar range and dampened responses to platelet-activating factor (PAF), a well appreciated and potent activator of platelets and leukocytes (1) (Figure 5B-D) . In summation, the potent actions of RvE2 along with the presence of RvE2 in healthy human circulation indicate that RvE2 possesses the characteristic SPM profile of activity. Moreover, they suggest that RvE2 may contribute to homeostasis by stimulating the resolution of local inflammatory responses.
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